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   The reasonable chemical equilibrium for solution of quartz in water under 
supercritical conditions eems to be represented by the following equation: 
             SiO; (quartz) } 2H:0 (gas) ~ Si(OH), (gas) . 
   The constants X~ and ti. for this equilibrium were calculated using the data 
already published by the author. From a comparison of R~ as a function of 
temperature, the heat of solution dE was estimated [o be 7.80 kcal/mot. 
   The changes in the amount of dissolved quartz were measured by the quenching 
method at temperatures 400, 440 and 480`C and under specific volumes of solvents, 
3.0, 2.0 and 1.6 m1/g. The following rate equation was found to be applied [o the 
solution of quartz under supercritical conditions: -dC/dd=kS(Ce-C)/Ce, where k 
is the rate constant, C, the concentration f monosilicic acid (Cz a[ equilibrium) 
and S, the constant for the surface of quartz, The rate of solution was accelerated 
by sodium chloride added to water.
PART I Solubility Equili brium
                               Inhoduction 
   It has not yet been determined what sort of equilibrium is reached fnr the solution of silica 
in water. C. S. Hitchen'~ reported that an equilibrium among molecular dispersion, colloidal dis-
persion and the solid phase, would be the only type to be expected for solubility. I[ can be 
represented by the following equation: 
       solid phase ~ molecular dispersion ~ colloidal dispersion. 
A. F. Frederickson and ]. E. Cox, Jr°> reported from the results of the observation of electron 
micrographs of withdrawal products from the bomb where the equilibrium existing could be 
represented by the following equation: 
   parent crystal ~ solid fragments i silicate ions ~ solid fragments and. or, colloidal dispersion. 
   On the other hand, G. R'. Jiorey and J. 3f. Hesselgessersl eported [hat the silicacontent of 
the condensed steam was determined by a colorimetric method which was supposed to di&erentiate 
molecular silica from colloidal one, the agreement between gravimetrit and colorimetric results 
    Q C. S. Hitthen, Eton. Geol., 40, 361 (1945) 
    2) A. F. Frederickson and J. E, Coa,Jr., Ani. Slinerul, S0, 886 (1954) 
    3) G. 1V. \forey and J. 3I. Hesselgesser, Econ. Geol., 46, 821 (1951)
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was good, and so the silica appeazed not to be colloidal but molecular. E. L. Bradyil attempted 
to determine [he chemical nature of the tolatile speries in steam by calculating the equilibrium 
constants for the following equation 
                 Si0e(solid quartz)T2H,_0(gas): Si(OH){(gas), (1) 
                2Si0_ (solid quartz) t 3Hs0 (gas) ~ Sir0(OH)s (gas) . (2)
From the results be concluded that Si(OH); was the volatile species at steam pressure above a 
few hundred a[m, while at lower pressures a higher molecule, perhaps the dimer Si:0(OH)s, existed 
in the vapor phase. 
   The reasonable chemical equilibrium for solution of quartz in water seems to be represented 
by Equation (1). The equilibrium constants KT and K~ for this equation were calculated 
using the data already published by the authors}. Prom a comparison of K~ as a function of 
temperature, the heat of solution was estimated. 
                       Species of Silica in Stream 
   The author e1 al.°~ have investigated the state of silica in the solutions obtained by the hydro-
thermal reaction of quartz. This investigation i volves the following informa[ions. 
   The forms of the silica in the solution obtained by the hydrothermal reactions of quartz, 
were determined by [he following colorimetric methods. 
   1) The molybdate r agent was added to the solution which was not pretreated. 
   2) The solution was boiled with sodium carbonate before the reagent was added. 
   3) The solution was evaporated, [he residue was fused with sodium carbonate and the reagent 
      was added. 
   These methods» are supposed [o define the difference among molecular, colloidal and crystal 
silica. The values measured aaording [o these three method; were ssentially 3)~2)~Q as might 
be expected, but the differences between these va':ues were small These differences seem to he 
due to the fact that monosilicic acid changed into colloidal or cns[al form while the autoclave 
was quenched. On the other haad, in the solution of amorphous silica in water, the fact that 
[be soluble silica is present as monomeric molecule in the solution has been found by H. and 
R'. Brintzinger'1, G. B. Alexander et a1.9•10~ and others111. From these facts the species of silica 
in steam under supercritical conditions appear to be the monosilicic acid. 
    }) E. L. Brad}, J. Plrys. Chem., 57, i06 (1953) 
    5) 5. Rilahara, This lonrnal. 30, 109 (1960) 
    6) S. Kilahara nd H. Oshima, mipu6lithed 
     7) Chem. Soc. Japan, Lectures onExperirnenfa! Cl emisJry, 15No. 2, 396 (1958) 
    8) H, and N. Brintzinger, T..mrorg. allgem. Chenr., 196, 44 (1931) _     9) G
. B. Alexander, 1..1 rn. Chem. Sot.. 75, 2887 (1953) 
    10) G. B. Alexander. W. \f. Heston and R. K. lleq J. Phys. Chem.. 58, 453 (1954) 
   t t) For /he excellent discussion sec R. K. Iler, 1'lre Colloid Chemimy of Silica and fire Silicates, Cornell 
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            Calculations of Equilibrium Constant and Considerations 
   Based on the considerations of species of silica is steam,the reasonable chemical equation 
for Che solubility equilibrium ofquartz may be represented by Equation (I) as reported by Brady.a) 
The equilibrium constant as a function of fugacity; % is defined by 
                               Ai=fsuoxk/L~mz'1'ttzo , (3 ) 
where f represents the fugacities of all species involved in Equation (Q. The fugacities of all 
species must be known in order to calcuhtte Pt,. These values were obtained from [he follow-
ing method using the solubility values already published by the author"). 
   The fugacity of steam was obtained from H. Hiraoka'si) data and W. T. Holler's"). The 
fugacity of Si0_ (quartz) as a function of pressure was calculated from the follox•ing equation, 
                       ln(/a/(e) =J PA(P/RT)dP, (4 ) 
                                          va 
where Ja/J,t is the ratio of the fugacities in the two states, A and B in which [he pressures are 
Pw and Pa, and V is the molal volume. From these calculations the molal e•olume of quartz 
was assumed constant a[ 22.65 m1/mol. The fugacity of Si(OH)a could not be obtained Crom the 
available data, Therefore it was assumed that the partial pressure is equal to the product of 
mole ratio and total pressure, and that [hefugacity is equal to the partial pressure multiplied 
by the fugacity coe[6cient for steam a[ the same temperature and total pressure. 
   Table 1 represents he working data. Weight per cent of SiO.: in steam is the solubility values 
of quartz already reported by the author), and P is [he value obtained from the P-V-T relations 
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12) H. Hiraoka, This Journal, 26, 51 (1916) 
13) 1V. T. Holser, J. Phyr. Chem., 58, 316 (1934)
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a z77 174 o.azz 0.0!83 1.13
3,5 283 175 0:028 0.0238 1.13
3.0 297 178 0.03fi 0.0311 1.13
2.7 309 181 0:043 0.0399 1.14
1.4 329 184 0.032 O.Oi 14 1.15
2.1 352 18B O.Ofi4 0.0678 1.16
2.0 379 191 0.080 0.0912 1.17
1.8 460 100 0.103 0.142 1.22
Lfi 64i 223 0.131 0.254 1.31

























































4 363 228 0.033 0.0363 1.15
3.5 38i 234 0.041 0.047fi ].lfi
3.0 4l7 141 0.033 0.0669 1.18
2.7 441 247 0.062 O.O8I3 1.19
z.a 479 235 0.075 0.109 111
2.I 322 I63 0.090 0.142 1.22
2.0 585 274 0.110 0.195 Lzfi
1.8 699 292 0.140 0196 131
460'C
4 403 255 0.040 0.0484 1.16
3.5 431 263 0.049 0.0631 1.t)
3.0 469 270 0.063 0.0868 1.19
2.7 303 279 0.073 0.113 1.20
2.4 360 292 0.092 0.153 1.22
2.2 610 300 O.lOS 0.193 1.25
2.0 639 3I6 O.L32 0.273 118
L.9 820 340 0.163 0.40fi 1.34
i
r12fi    5. 
(Tahle
















4 445 285 0.047 0.0630 1.18
3.5 4)9 295 0.059 O.OSifi 1.19
3.0 527 307 O.Oii 0.1 l9 111
2.7 570 319 0.090 0.155 1.23
2.4 634 335 0.111 0.213 11fi
21 698 349 0.130 0.274 119












































of steam by the author et al.") and G, C. Bennedy1bj. Table 2 represents the values of KJ. Prom 
the table it may be seen that Kr is not constant over the range measured. 
   The solubility of quartz seems to rather depend simply on the concentration of water molecules 
than on the pressure ofsteam as reported by G. C. Kennedy18). So [he equilibrium constant. 
K~ as a function of concentration was calculated according to the equation, 
                       K[ = L~C9iCOH)~l I')~(~H,OI v~~~' KY 
                           Ke = (Csgoek~CH.o~) • f~' KY~ C 5 









































































14)--R. Kiyuma, H. 
IS) G, C. Kennedy, 
16) G. C. Kennedy,
]iinoshita and S. P.itahara, 
Am. !, Sci., 248, 540 (1950) 
Scar. Ceol„ 45, 619 (1954)
This loarnol. 25. 11 (1955)
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where Cxgmo, and C,yn represent mole number of Si(OH)q and H.O respectively, V is the volume 
of the reaction vesseh and Kr=Yu:n/Js,n„ Yn,o being the fugacity coefTicient of water, and fs,o„ 
the fugacity of quartz. Kr depends on the pressure ; it approaches unity a[ low pressures, and 
becomes mall at high pressures. Table 3 represents the results of the calculation of Kc. K~ 
shows better constancy than KJ in the specific volume range investigated. In Fig. 1 the negative 









































































     fi.G 
     G.6 




     6.1
Fig. 1 Relation between -log F, and 1/T
               tz la l.a is Ls 
                      1+T ~10' 
logarithm of the mean value of K~ at specific volume from 4 to 2mlfg is plotted as a function 
of the reciprocal of the absolute temperature. According to the van't Hon equation JE value 
was found to be 7.SOkcal/mol from the slope. S. A. Greeabergr~ evaluated the heat of solution 
in water at temperatures from 160 to 300'C, and reported it to be 7.34 kcal/mol. 
   As mentioned above, the heats of solution above and below the critical temperature are in 
    17) S. A, Greenberg, 1. Phys. Cdem., 61. 196 (1957)
i
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agreement with each other. This suggests he same mechanism of solution of silica in water 
irrespective ofstate. 
                PART II The Rate of Solution 
   G. C. Kennedy°1 reported that the factors uch as thetemperature, the surface area of the 
quartz plate, the type of finish, i. e. smoothness or roughness of grind, and the orientation of the 
plate fn [be quartz crystal effect on the rate of solution of quartz, and that at 360'C [he time 
required for equilibrium is ranged from 4 to 16 Lours, and above 500'C equilibrium probably at-
tained in less than 1 hour. L. H. Adams's1 tudied that the solution reaction is rapid and in 
less than 10 minutes the solution is three-quarters saturated, But the rate of solution has not 
yet been quantitatively mesured. In the present investigation the changes in [he amount of 
dissolved quartz were observed by [he quenching method under the conditions that temperatures 
were 400, 440 and 480'C and specific volumes 3.0. 2.0 and Liiml/g. The rate equation was 
found to be applied to the solution of quartz under supercritical conditions. The e6ec[ of sodium 
chloride on the rate of solution was also observed. 
                              Experimentals
    Apparatus and samples Theapparatus and the samples used were the same as the 
ones used in [he previous paper'. All the quartz blocks used had the same surface area and the 
orientation of [heir faces was constant, as reported in the previous investigation"~. The surface 
of the quartz block was not etched by any reagent, and the quartz blocks with faces ubjected 
[o the attack of water were used repeatedly without pretreatment. 
    Procedures The method of determining theamount of the dissolved quartz was the 
same as the one used in the precious investigation. TLe five autoclaves were heated is the same 
electric furnace at the same time. The measurements were carried out by removing and 
quenching the five au[odaves with time. 
                           Resultsand Considerations 
    TLe results of the measurements areshownin Figs. 2 and 3. Fig. 2 represents the changes 
in the amount oC quartz dissolved in water under conditions [hat the specific volumes of water 
are 3.0. 2.0 and 1.6 m1/g a[ [he temperature 440~C, and 3.0 m1/g at the temperatures 400, 440 
and 480°C respectively. The equilibrium was attained about 4 hours for each run. Fig. 3 
represents the effects of sodium chloride on the changes in the weight loss of quartz. The 
    18) L. H, Adams, Carnegie Ircst. uJ Ifwkington, Year Books, 46, 40 (1949)
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Changes in the amount of quartz Fig. 3 Enect o[ sodium chloride on the 
   dissolved in water changes in weigh[ loss of quartz 
 NaCI increases [he rate of solution of quartz as well as the solubility of it. The 
um was attained about 3 hours in the aqueous solution of 1% sodium chloride Con-
n. 
following equation was found to 6e applied to the solution of quartz under supercritical 
s: 
is the rate constant, C is the Concentration of monosilicic acid (Ce at equilibrium) and 
constant for the surface of quartz. If it is assumed that C=O, at t=0, then the integral 
ion (6) is 
=-k. 
ation (i) is in the same form as that obtained by assuming that a diffusion step is rate 
ing1sl. Log[(Ce-C)/CeJ was plotted against the time and the straight lines were given 
gs. 4 and 5. The relative values of rate constant k were obtained from the slopes of 
es. These results are shown in 'Cable 4. I[ appears that the rate of solution in pure 
ceases with increasing Ce. On the other hand, the presence ofsodium chloride increases 
of solution, and the effect of it appears to become greater with temperature at constant
The .Ltafhernat
seem to show that the mechanism 
its of Diffnsioa, Oxford, (1956)
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   Table 4 Relative value of rate constant
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by the simple diffusion process only. il4are study should he required to obtain [he 
explanation for the mechanism. 
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